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[5] Question 1: Each correct answer isworth 0.5 marks.
For the questions below, circle one of True[T] or False[F].

T F  Thecapacitance of areverse biased junction increases as the reverse bias voltage is
increased.

T F  Theoutput of a CMOStri-state inverter isone of Vp,y, Vpp/2, 0r 0.
T F C,, isinversely proportional to the gate oxide thickness.
T F  Channel length modulation is generally important in analog circuits but not usually

important in digital circuits.

For the questions below, consider the gate delay for a chain of indentical CMOS inverters and
only one parameter is changed. Circle one of “increase”, “unchanged” or “decrease”
that corresponds to the new gate delay

increase  unchanged  decrease  C, isincreased by 10%

increase  unchanged  decrease V' isincreased by 10%

increase  unchanged decrease Thewidthsof all transistors are increased by 10%

increase unchanged  decrease  |V,,| and |V, | arebothincreased by 10%

increase unchanged decrease Temperatureisincreased by 10%

increase  unchanged decrease Electron and hole mobility are both increased by 10%
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[6] Question 2: Consider the layout of 2 nmos transistors as shown below and use CMOS param-
eters on the equation sheet (last page).

L Jy; L
J TLC TT J,
0, 0,

A = 0.125um 2

2h 2h
a) Find the input capacitance for the gate of a single transistor (ignore overlap capacitance).

b) Find the overlap capacitance for the gate of O, to junction J,

c) Find the drain-bulk capacitance at J; (using both area and sidewall capacitance).

d) Find the drain-bulk capacitance at J, (using both areaand sidewall capacitance).
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[6] Question 3: Consider the pass transistor logic shown below where 7, istheinput and V7, is
the output. Use CM OS parameters on equation sheet (last page) and IGNORE body effect.

VoD VoD Vop = 2.5
) -
Ve 1 1 y for all transistors LW_ 02}51171
v,y T . T P = 0.25um
I Y

a) When V7, isinitially OV and then goesto V', find the final voltage valuesat Vy, Vy,
and V,.

b) When V,, isinitialy V', and then goesto OV, find the final voltage valuesat V', 7y,
and V,.
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[6] Question 4: Using the concept of equivalent transistors, simplify the n-channel driver network
shown below to asingle pull-down transistor with awidth of W, (all lengths are same and

minimum). Find this equivalent transistor for 2 cases. W (tast) representing the input pattern
with the fastest pull-down and W, ., for the slowest pull-down input case.

AV
Vbia‘;_dlz Wotasty = |
o V,
B E 2 _
-II: 4 -|I: Wn(slow) - |

A -||: 05 C -||: 2 (only widths shown, all length are minimum)
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[6] Question 5: Consider the following inverter circuit. Assume the current source isideal until
the voltage across it is ImV at which point it linearly dropsto OmA at OV acrossit. Use
CMOS parameters on equation sheet (last page).

Vop = 2V
500p4
VO
V] I
W -0
L

a) Sketch the input/output transfer curve for 7, from zeroto 7y, .

) Find the output logic high and output logic low levels assuming ¥/, goesfrom 0 to V.
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ECE334 Digital Electronics

Constants: k = 1.38x 10 JK™' ;¢ = 1.602x 107" C ; ¥, = kT/q ~26mV at 300 °K ; Ny
g = 8.854 x 10_12 F/m ; kox =3.9; caps: Cox = (koxao)/tox ; Cj = CjO/(1 + VR/¢0) ! 5 2
NMOS: B, = u,Co (W/L) 5 V,,>0;Vpg 20 ;(triode) I, = ﬁn((VGS—Vm)VDS—(VzDS/2)) s(active) I = 0.5B,(Vgs—V,) s
(triode) Vs < (Vs — Vi) : (active) Vs = (Vs = Vi) s Viy = Vo +1( Vs + 05— /0,) 5
(Vs =V, (V) —Vpg/V )
(subthreshold) o Ta—e ™
. . 2
PMOS: B, = p,Co(W/L) : V,, <0 :Vps <0 s(triode) 1), = B,((Vgs—V,))Vps—(Vps/2)) s(active) I = 0.5B,(Vgs=V,,)" 5
(triode) Vs> (Vs —V,,) ; (active) Vg < (Vs = V) 5
Simplecamedel: Cg = CoxWL 5 ifLmin; CguEComein;Cg = CguW; Cd = Cx = CduW;
CMOSinverter:  Vyy = (Vpp + Vy, +V,,r)/(1+1) 5 r = J(u,(W/L),)/(w,(W/L),)
RCdelayest: 1, = 15, = 1215t = RyyC: Ry, = 2.5/(1,Coe(W/L),(Vpp=Vi)) 3 Regp = 2.5/(,Co(W/L),(Vpp*+ V) 5
. (Wp/Wn)opt = Jn,/n, Unitdelay est: tfifz/tdfl = (CrLy/ CLp) x ((W/ L)y /(W/ L))
Min delay: Liclay = Tinv(Cowt” Cin) 5 totaldelay = Nfty, s = Cy/Ciy susually = 4 ,
Power diss: den = PIA)OfCLVZDD; Pdp = O'SPIAOfVDD]pcak(lr_Fl_‘f);Ipcak = O'SBM(VTH_VM) ;
ElmoreDélay: 1,2y C,R;;; distRC, t=RC/2 ;

k
Interconnect: R = (pl)/(tw) ; Rq= p/t ; C = (g, wi)/t ;

Equation Sheet

Ip = Ipge

C = ey J(w/h+0.77+1.06(w/h)"> + 1.06(t/h)")

T/
Max delay constraint: Tt + 4 + t e, Min Delay constraint: ¢,y < t.., + 1., Metastability: MTBF = e T"/(zrdFDFCLK)

setup

SRAM: M3 is cell access transistor, M1 is inverter NMOS, M5 is inverter PMOS,

2
SRAM read: W,/ Wy> (V= Va—Via) /Q((Vop = V) Va=Va/2) 5 Leen = ((1,Co)/2) W3/ LYV =2V,
AVgL = (L AD)/ Cyy,
SRAM write: W3/ Ws= (1, (Vpp + Vi) )/ i, (Vpp = Vi) Va = VA/2))

MOS Transistor; CMOS basic parameters. Channel length = 0.25um , m; = 05,¢, =09V

VTO [ Cox A Cox CO Cj Cj sw
-1
) (VO'S) (pA/Vz) ) (fF/um2 (fF/um) (fF/umz) (fF/um)
NMOS | 04 04 120 0.06 6 0.3 2 0.3
PMOS | -04 | 04 30 0.1 6 0.3 2 0.3

V5o is the threshold voltage with zero bulk-source voltage; y is used to account for non-zero
bulk-source voltage; nC,, is the transistor current gain parameter; A is to account for the
transistor finite output impedance (channel length modulation); C, .. is the gate capacitance per
unit area; C, is the gate overlap capacitance per unit length; ¢ is the drain/source junction
capacitance per unit area; Cisw is the drain/source junction capacitance per unit length to account

for drain/source perimeter capacitance. Assume this value is the same for al perimeters
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